SUMMARY Oral medium-chain triglycerides were given to 10 normal volunteers, 12 cirrhotics (group I) without and 28 cirrhotics (group II) with abnormal portal systemic communications (ascites, splenomegaly, oesophageal varices, or surgically-created portacaval shunts). After 30 ml of medium-chain triglyceride oil there was no appreciable change in serum glucose levels in any of the three groups nor in serum insulin levels in the normals and in cirrhotics in group I. However, there was a significant increase in serum insulin levels in the cirrhotic patients in group II. It is suggested that the rise in serum insulin levels after medium-chain triglycerides noted in the cirrhotics with shunts is due to shunting of insulin-containing portal blood around the liver (anatomical shunts) and to a diminished hepatic cell mass capable of extracting insulin (functional shunt). This differential response of serum insulin levels to medium-chain triglycerides may prove to be of value in detecting the presence of abnormal portal systemic communications in cirrhotic patients.
In recent years several factors which influence insulin secretion have been extensively studied. It has been demonstrated that several amino acids, secretin, pancreozymin, and so-called 'gut glucagon' stimulate insulin secretion (Dupre, Curtis, Unger, Wadell, and Beck, 1969; Unger and Eisentraut, 1969) . In addition, long-, medium-, and short-chain fatty acids have been shown to influence insulin secretion in the experimental animal and in man (Greenberger, Tzagournis, and Graves, 1968; Crespin, Greenough, and Steinberg, 1969) . Sanbar and Martin (1967) demonstrated that the C8 :0 fatty acid, octanoate, stimulated the release of insulin from an in-vitro rat pancreas preparation, presumably by a direct effect on the islet beta cells. Linscheer, Slone, and Chalmers (1967) have reported that in man the intraduodenal infusion of glucose and octanoate results in higher serum insulin levels than those obtained after intraduodenal glucose alone.
Medium-chain triglycerides have been widely used as an adjunct to therapy in a wide spectrum of malabsorptive disorders (Greenberger and Skillman, 1969 appropriate to study their effect on insulin secretion in man. It was recognized that small increments in insulin secretion induced by medium-chain triglycerides might be masked by first circulation binding and removal by the liver. To circumvent this problem preliminary studies were carried out in a small group of cirrhotic patients with portal systemic shunts as well as normal control subjects. In these studies, it was shown that the administration of medium-chain triglycerides to cirrhotic patients was associated with increased serum insulin levels (Greenberger et al, 1968) .
To further define the effects of medium-chain triglycerides on insulin secretion, a large number of patients with cirrhosis of the liver were studied. The data obtained indicate that the serum insulin response to medium-chain triglycerides is significantly greater in cirrhotic patients with clinical evidence of portal systemic communications as compared with cirrhotic patients without evidence of portal hypertension. Oral glucose tolerance tests were carried out using a dose of 100 g and the criteria of O'Sullivan (1967) were utilized in establishing a diagnosis of diabetes mellitus. According to these criteria, a diagnosis of diabetes mellitus is established when any three or more of the following values or the fasting and three-hour combination are met or exceeded giving a total of two points: fasting blood sugar greater than 1 10 mg % = 1 point; one-hour value greater than 170 mg % = i point; two-hour value greater than 120 mg % = i point; three-hour value greater than 110 mg % 1 point. After an overnight fast medium-chain triglycerides were given by mouth as an oil preparation' in a :dose of 30 ml (28.5 g). The medium-chain triglyceride oil contained 80% trioctanoin (C8:0) and 17% tridecanoin (C10:0). Serum glucose and serum insulin levels were determined before medium-chain triglycerides were given, and at 30, 60, and 120 minute intervals thereafter. In 10 patients serum octanoate levels were also determined before medium-chain triglycerides were given, and at 30, 60, and 120 ml intervals. Serum glucose was determined on the Technicon AutoAnalyzer by the method of Hoffman (1937) . Serum insulin levels were determined in duplicate by the immunochemical method of Grodsky and Forsham (1960) . Serum octanoate levels were determined by gas liquid chromatography as previously described by Linscheer et al (1967) . All serum glucose, insulin, and octanoate determinations were performed by technicians who were unaware of the clinical classification of the patient. Statistical analysis was performed using Student's t test.
Results
Clinical data on the patients with cirrhosis of the liver are shown in Table I . Two of the patients in group I and nine of the patients in group II had diabetes mellitus according to the criteria of O'Sullivan (1967) . Tests of liver function in the cirrhotic patients studied are shown in Table II Group I 12 3-7 ± 0.21 3-5 A 0-2 2-9 + 1-5 7-6 ± 1.6 80-0 ± 7.0 22-5 + 5.0
Group II 28 3-4 ± 0-2 3-7 ± 0-2 4.0 ± 0.9
6-4 ± 1-0 62-0 ± 5-0' 26-0 ± 3.0 'Significantly different from group I; P < 0-05.
Although the values shown were generally more abnormal in the group II patients, the only index which was significantly different between the two groups was the prothrombin time, 80 ± 7 % vs 62 ± 5 % (± 1 SE, P < 0.05). The effects of mediumchain triglycerides on serum insulin levels and serum glucose levels on normal controls and the two groups of cirrhotics are shown in Table III . There were no significant differences among the three groups in the fasting state. After the administration of medium-chain triglycerides there was little change in the mean serum insulin and glucose levels in both the controls and the cirrhotic patients in group I. However, there was a significant increase in the mean serum insulin levels at 30, 60, and 120 minutes after medium-chain triglycerides in the group II cirrhotics. The mean serum insulin levels increased from a fasting value of 14.0 ± 1.1 ,u U/ml (± 1 SE) to a peak value of 28-0 ± 3-4 ,u U/ml at 30 minutes. Also shown in Table III in fasting blood specimens in any of the 10 patients. The effect of medium-chain triglycerides on peripheral serum octanoate and insulin levels are shown in Table V . The peak serum octanoate levels and peak serum insulin levels observed after administration of medium-chain triglycerides are depicted in Figure 1 . Of the 10 patients studied, two were from group I and eight were from group II. Two of the lowest peak octanoate values (99 and 209 ,u-equiv/l) were obtained in the two patients from group I. There was a significant correlation between the peak serum octanoate and peak serum insulin levels (r = 0.84; p < 0.01).
Discussion
Previous studies have shown that trioctanoin, the major component of medium-chain triglycerides, is rapidly hydrolysed by pancreatic lipase to octanoic acid (Greenberger, Rogers, and Isselbacher, 1966) . Octanoate is then absorbed and transported via the portal vein to the liver where it is rapidly metabolized. In patients with cirrhosis given a mediumchain triglyceride oil preparation, increased levels of octanoic acid in peripheral blood might result for two reasons: (1) a reduced capacity of a diseased liver to metabolize medium-chain fatty acids, and (2) shunting of octanoate away from the liver via spontaneous or surgically created portal systemic communications. In this regard, Linscheer and his coworkers (Linscheer et al, 1967; Linscheer, Castell, and Platt, 1969) have previously demonstrated that medium-chain triglycerides given either intraduodenally or rectally results in higher peripheral blood octanoate levels in cirrhotic patients with portacaval shunts than in normal control subjects. The data obtained in the present investigation indicate that mean serum insulin levels increase appreciably after the administration of mediumchain triglycerides to cirrhotic patients with evidence of portal systemic communications as compared with normal control subjects and cirrhotic patients without evidence of such shunts. The specific mechanism by which medium-chain triglycerides may cause elevated peripheral blood insulin levels has not been defined by the present studies. Octanoate per se might exert a direct stimulatory effect on the pancreatic islet beta cell. It will be recalled that medium-chain triglycerides caused considerable increase in peripheral blood octanoate levels (Fig. 1) . However, the possibility cannot be excluded that octanoate causes release from the intestinal mucosa of hormones such as secretin, pancreozymin, and 'gut' glucagon which may stimulate insulin release. In addition to increased peripheral blood octanoate levels there are other factors which might explain the elevated peripheral blood insulin levels in the cirrhotics in group II. A reduced liver cell mass is capable of binding less insulin during its initial passage through the liver resulting, in essence, in a functional shunt. In addition, actual anatomical shunts around the liver via portal systemic communications might result in higher peripheral blood insulin levels. It is possible that medium-chain triglycerides caused a modest increase in insulin secretion in both groups of cirrhotics, but the increase was more easily detectable in the group II cirrhotics because of shunting of insulin-containing portal blood around the liver. This hypothesis is supported by the finding that peripheral blood insulin levels were higher in group II cirrhotics compared to group I cirrhotics 60 and 120 minutes after a glucose load (Table IV) .
Some caution must be exercised, however, in interpreting the results of the glucose tolerance tests and serum insulin values in patients with chronic liver disease. As pointed out in the methods section, we were careful to exclude from study patients whose carbohydrate tolerance might be abnormal because of an inadequate caloric intake, hypokalaemia, and the use of drugs such as thiazide diuretics and corticosteroids, all of which are known to have a diabetogenic effect on carbohydrate tolerance. There remained 11 patients of a total of 40 with abnormal glucose tolerance tests. In none of these patients was there previous evidence to suggest the diagnosis of diabetes mellitus. Although these patients fulfilled the criteria employed for the diagnosis of diabetes, it could be argued that they have the carbohydrate intolerance of the cirrhotic or so-called 'hepatogenous diabetes' (Conn, Schreiber, Elkington, and Johnson, 1969) instead of genetic diabetes. In this regard, it has been demonstrated that patients with advanced cirrhosis may exhibit resistance to the blood glucose-lowering effect of insulin (Megyesi, Samols, and Marks, 1967; Collins and Crofford, 1969) .
Despite the above limitations, the data obtained in the present study suggest that the metabolic response of cirrhotic patients to medium-chain triglycerides might be useful in establishing the presence or absence of abnormal portal systemic communications. Although we have studied only 10 normal controls and 12 cirrhotic patients without clinical evidence of portal systemic shunts, none of these 22 patients demonstrated a significant rise in peripheral blood insulin levels after medium-chain triglycerides. By contrast, 22 of 28 patients with clinical evidence of abnormal portal systemic communications exhibited at least one peripheral blood insulin value which was significantly greater than the fasting value after oral administration of medium-chain triglycerides. In view of these findings, a prospective controlled study of the effects of medium-chain triglycerides on insulin secretion in cirrhotic patients would seem to be in order to define critically its diagnostic value. 
